Atlantooccipital dislocation (AOD) is a rare and usually fatal injury [5, 13] . Immediate diagnosis and surgical stabilization are essential to prevent further neurologic deterioration or death. However, the initial diagnosis can be easily overlooked, especially in patients with multiple or lower cervical spine injuries; a high index of suspicion and careful examination of the upper cervical spine should be considered as the key to the diagnosis of AOD. In the current study, the authors present the radiologic diagnosis and surgical treatment of traumatic posterior AOD with Jefferson fracture and fracture-dislocation of C6-C7.
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Traumatic posterior atlantooccipital dislocation with Jefferson fracture and fracture-dislocation of C6-C7: a case report with survival anteroposterior radiograph showed a vertical fracture of the C6 body and the lateral radiograph showed retrotracheal soft tissue swelling, a tear drop fracture fragment of C6, retropulsion of the remainder of the C6 body, and a questionable posterior displacement of the basion with respect to the tip of the dens (Fig. 1) . The patient was managed with an intravenous injection of methylprednisolone, of bolus dose 30 mg/kg of body weight, over 15 min, followed by a 45-min pause, and then a 23-h continuous infusion of 5.4 mg/kg/h. Spinal shock ended 18 h after the administration of the methylprednisolone, and incomplete quadriplegia below the C7 segment with anterior cord syndrome was identified. An axial computed tomography (CT) scan (Fig. 2) showed Jefferson fracture with fracture of the left lateral mass and posteriorly displaced occiput with respect to the anterior arch of the atlas and dens of the axis. Two-dimensional CT reconstruction (2D-CT) (Fig. 3A) and 3D-CT (Fig. 3B ) definitely showed posterior AOD and Jefferson fracture with fracture of the left lateral mass of the atlas. Sagittal T1-and T2-weighted magnetic resonance (MR) images showed retropharyngeal and retrotracheal hemorrhages, rupture of the anterior longitudinal ligament of C6-C7, spinal cord compression by retrodisplaced C6 body, and posterior AOD with rupture of the tectorial membrane (Fig. 4) . Ten days after the accident, the patient underwent in situ occipitocervical fusion using the Cotrel-Dubousset rod system (Sofamor-Danek, Memphis, USA), corpectomy of C6, and anterior interbody fusion of C5-C7 with plating. The patient was immobilized with a Minerva cast for 3 months. Twelve months after the operation, follow-up lateral radiograph showed evidence of complete union of the occipitocervical fusion mass and anterior interbody fusion mass of C5-C7 (Fig. 5) , and the motor function of the C7 and C8 nerve roots had recovered to grade 4. Discussion AOD is a rare and usually fatal injury. Immediate diagnosis and surgical stabilization are essential to prevent further neurologic deterioration or death. The majority of traumatic AOD cases have been of the anterior type since [6] , lateral [18] and longitudinal [12] dislocations have been rarely reported. AODs are caused by a complete rupture of the ligamentous structures of the upper cervical spine -the tectorial membrane, apical ligament, alar ligament etc. -by excessive hyperextension or hyperflexion [3, 11, 16] . While most AODs occur in isolation, in some cases they accompany other cervical spine fractures or dislocations [6, 10] . However, to date there has been no report describing posterior AOD with two other noncontiguous cervical spine injuries.
Although various diagnostic criteria for AOD have been suggested [4, 9, 12, 13], accurate diagnosis of AOD on plain radiographs is difficult due to the peculiar anatomy and bony overlap of the upper cervical spine. Therefore, tomography or CT is essential to confirm AOD when it is suspected by plain radiography [14] . However, because these diagnostic methods only provide two-dimensional images of the lesion, it may be difficult to accurately diagnose complicated upper cervical spine lesions. Although MR imaging can accurately demonstrate the ligamentous injuries of the upper cervical spine, which are directly related to the occurrence of AOD, it does not clearly demonstrate the bony injuries [7] . However, 3D-CT can provide clear anatomical images of the bony structures of the upper cervical spine and make it possible to diagnose the complicated lesions associated with other upper cervical spine injuries [8, 15, 17] .
Treatment for AOD is undertaken on the basis of surgical stabilization of the upper cervical spine, because complete ligament healing is difficult to achieve with con- servative care, and the risk of redisplacement always exists [4, 8] . However, reduction of AOD or the use of traction for reduction of AOD remains controversial. In this particular case, the authors think that the reason the patient survived, despite an extremely unstable and potentially fatal injury, was due to the expansion of the space available for the cord caused by the Jefferson fracture, which allowed the cord to migrate posteriorly with the posterior displacement of the occiput. In such a condition, to avoid fatal neurologic complications which can occur during reduction of the AOD and to achieve solid union, the authors performed in situ occipitocervical fusion. Clinical improvement of the neurologic function of the C7 and C8 nerve roots was achieved by corpectomy of C6 and anterior interbody fusion of the C5-C7 levels with plating.
In conclusion, a high index of suspicion and careful examination of the upper cervical spine should be considered as the key to the diagnosis of AOD in cases that involve multiple or lower cervical spine injuries. 
